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TRANSMISSIVE SCREEN AND REAR PROJECTOR 
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1. 



Field of Invention 



BACKGROUND OF THE INVENTION 



2. 



[0001] The presept'lnvention relates to a transmissive screen and a rear projector. 
Description of Related Art 




p [0002, fcW^, there are increasing demands for rear projectors used as displays 
jsuitable for home theater monitors and wide-screen television sets. 

I [0003] *»Fig. 7 shows an optical system of a rear projector. As shown in Fig. 7, the 
rear projector lftincludeYa housing 50 that includes therein an optical projecting unit 20, a 
light-guide mirror 30 for guiding images projected by the optical projecting unit 20, and a 
transmissive screen 40 onto which the projected images guided by the light-guide mirror 30 
are projected. 




[0004] ^The transmissive screen 40 used for the rear projector 10 should not cause 
moire fringes on the screen. A moire-free transmissive screen is disclosed in Japanese 
Unexamined Patent Application Publication No. 1-319025. Figs. 8(a) and 8(b) are sectional 
views of a transmissive screen 90^Fig. 8(a) is a sectional side view of the transmissive 
screen 900 and Fig. 8(b) is a sectional top view of the transmissive screen 900. As shown in 
Figs. 8(a) and 8(b), the transmissive screen 900nncludeYa Fresnel lens portion 910 having 
Fresnel-lens components 910a on its light-exiting fac^^idaTenticular lens 920 facing the 
light-exiting face of the Fresnel lens portion 910, the lenticular lens portion 920 having many 
lenticular lens components 920a on its light-incident face and black stripes 920c and 
protrusions 920b on the light-exiting face 920d. In addition, the distance between Fresnel- 
lens components 910a a nd/or the d istance between black stripes 920c are random. Such 

[0005] ^k^esign suppresses the generation of optical interference a^l therefore 
the generation of moire fringes on the transmissive screen 900. 

[0006] Unfortunately, this transmissive screen 900 has different diffusions on 
different sites thereon. In more detail, diffusion differs between different sites on the 
transmissive screen 900, because the radius of curvature and the pitch of the lenticular lens 
components must be determined to achieve a desired diffusion for each lenticular lens 
component, i.e., the pitches of the lenticular lens components are not constant over the entire 



screen. 
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[0007] Another disadvantage of the transmissive screen 900 is a difference in 
interference between the Fresnel-lens components and the lenticular lens components at some 
sites of the transmissive screen 900. Furthermore, the overlay conditions are also different for 
each combination of these lens components; hence, it is difficult to prevent moire fringes at 
every site of the transmissive screen 900. 

[0008] Another disadvantage of the transmissive screen 900 is its high cost due to 
the complicated manufacturing required for the Fresnel-lens components and lenticular lens 
components. 

SUMMARY OF THE INVENTION 
[0009] Accordingly, an object of the present invention is to provide a transmissive 
screen that shows uniform diffusion over the entire screen, that suppresses the generation of 
moire fringes at all sites thereon, and that can be produced at a lower cost. Another object of 
the present invention is to provide a rear projector provided with such a superior transmissive 
screen. 

[0010] To meet the objectives described above, * fi© dnv o nte rspas^ss&u] 
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' a moire-free transmissive screen with uniform diffusion 

over the entire screen can be manufactured at a low cost by providingfeeparating meass for 
separating a Fresnel lens portion from a lens array portion by a predetermined distance. The 
present invention is based on such findings. ^ C&n 

[0011] <^A transmissive screen according to the present inventioninch 



Fresnel lens portion having Fresnel-lens components on its light-exiting face and a lens array 

ftavifig manv * 




lenses on its light-incident face. The transmissive screen, further includes^separating irfoano - 
for separating the Fresnel lens portion from the lens array portion at least in the periphery of 
the transmissive screen. ^ ^aq. I^z^j 

[0012] Jhc invcntora aAalyiL i, d» how moire fringing is generated on the conventional 
transmissive screen described abov^Hie analysis revealed that significant moire fringing is 
generated in the periphery of the transmissive screen. In more detail, close contact between 
the Fresnel-lens components and the lenticular lens components particularly in the periphery 
of the transmissive screen, as well as certain relationships between the pitches of the Fresnel- 
lens components and the pitches of the lenticular lens components, contribute to the 
generation of moire fringing. 




[0013] For this reason, to provide^separating &eans for separating the Fresnel lens 
portion from the lens array portion at least in the periphery of the transmissive screen, where 
significant moire fringing occurs, prevents the Fresnel lens portion from coming into close 
contact with the lens array portion, thus effectively suppressing the generation of moire 
fringing in the periphery of the transmissive screen. 

[0014] The transmissive screen according to the present invention does not require 
random pitches of optical elements in the Fresnel lens portion and the lens array portion for 
ensuring uniform diffusion over the entire transmissive screen. Furthermore, the 
manufacturing costs do not rise because the optical elements are not required to be randomly 
arranged. X ^ 





[0015] ^) In the transmissive screen according to^!^abov|^the separating xnpass^ 
preferably a flat transparent plate disposed between the Fresnel lens portion and the lens array ^ 
portion. <^ 

[0016] ^-Thus, moire fringing in the periphery of the transmissive screen can 
effectively be suppressed merely by placing the flat transparent plate between the Fresnel lens 
portion and the lens array portion. 

[0017] This flat transparent plate preferably has a thickness of from 10 ^im to 2 mm. 
A thickness of 10 jam or more is required to satisfactorily suppress moire fringing. In this 
respect, the flat transparent plate more preferably has a thickness of 30 jam or more, and most 
preferably has a thickness of 100 jam or more. A thickness of 2 mm or less is required to 
maintain a required resolution of the transmissive screen/^ a flat transparent plate that is 
excessively thick degrades the resolution of the transmissive screen. In this respect, a 
thickness of 1 mm or less is more preferable, and a thickness of 500 jam or less is most 
preferable. The flat transparent plate may suitably be formed of various resin mater^^^^h 
as polycarbonate, polymethyl methacrylate, and polypropylene. -ff^ 



[0018] In *e transmissive screen according to^Q above, the separating means is 
preferably a spacer that-scpS : ates the Fresnej)lens portion from the lens array portion in the 
periphery of the>tf*msmissive screen. 

[0019] ^Thus, moire fringing in the periphery of the transmissive screen can 
effectively be suppressed merely by placing a spacer in the periphery of the transmissive 
screen to separate the Fresnel lens portion from the lens array portion. 

[0020] Like the flat transparent plate described above, this spacer preferably has a 
thickness of 10 jam to 2 mm. A thickness of 10 jam or more is required to satisfactorily 



suppress moire fringing. In this respect, the spacer more preferably has a thickness of 30 |am 
or more, and most preferably has a thickness of 100 fxm or more. On the other hand, a 
thickness of 2 mm or less is required to maintain a required resolution of the transmissive 




screen^ spacer that is excessively thick degrades the resolution of the transmissive screen. 
In this respect, a thickness of 1 mm or less is more preferable, and a thickness of 500 |am or 
less is most preferable. Like the flat transparent plate described above, the spacer may 
suitably be formed of various resin materials such as polycarbonate, polymethyl methacrylate, 
and polypropylene. 

[0021] The spacer may be disposed around the entire periphery of the transmissive 
screen so as to surround the screen or spacers may be disposed only at the right and left edges 
of the screen where moire fringing is likely to occur (that is, no spacers are arranged at the top 



and bottom of the transmissive screen). n . ^xiutc^ 

[0022] ^^In the transmissive screen according to^Q above, the separating faea»s is 
preferably a holder that separatesJhs^F fesiiel le gs^portion from the lens array portion in the 
periphery of the tyaasfmssive screen. 

[0023] \Thus, moire fringing in the periphery of the transmissive screen can 
effectively be suppressed merel^by^siipporting the Fresnel lens portion and the lens array 
portion with a pred^teitmned holder. 

[0024] ^The holder may be disposed around the entire periphery of the transmissive 
screen so as to surround the screen or holders may be disposed only at the right and left edges 
of the screen where moire fringing is likely to occur (that is, no holders are arranged at the top 
and bottom of the transmissive screen). g\c*hv^ <^g 

[0025] In the transmissive screen according to ^Q, the separating 
preferably constructed by settin g_back the Fresnel lens surface toward the light-m&dent face 
in the periphery oiJ)A^rf^^rcIs^Q screen. 

[0026] ^Thus, moire fringing in the periphery of the transmissive screen can 
effectively be suppressed merdyJay-^ surface of a predetermined 

portion in the periphery of the transmissive screen. 



[0027] "This set back of the Fresnel lens surface preferably has a depth of 10 jam to 
2 mm. A depth of 10 jwtl or more is required to satisfactorily suppress moire fringing. In this 
respect, the set back more preferably has a depth of 30 |j,m or more, and most preferably has a 
depth of 100 |nm or more. On the other hand, a depth of 2 mm or less is required to maintain a 
required resolution of the transmissive scree^^et back that is excessively deep degrades 



the resolution of the transmissive screen. In this respect, a depth of 1 mm or less is more 
preferable, and a depth of 500 jam or less is most preferable. In order to set back the Fresnel 
lens surface by a predetermined depth, a metallic mold for molding the Fresnel lens is 
preferably provided with such a specified shape of set back in advance. 

[0028] The region to be set back in the Fresnel lens surface may be arranged around 
the entire periphery of the transmissive screen so as to surround the screen, or may be 
arranged only at the right and left edges of the screen where moire fringing is likely to occur 
(that is, no set back is formed in the Fresnel lens surface at the top and bottom of the 
transmissive screen). 

[0029] In the transmissive screen according to the present invention, the lens 
array portion may be provided with many lenticular lenses on the light-incident face. 

[0030] ^KQ^In the transmissive screen according to the present invention, the lens 
array portion maybe provided with many microlenses on the light- incident face^^^' 

[0031] rear projector according to the present invention^iclud^an optical 

projecting unit, a light-guide mirror, and a transmissive screen apoording to one of-(l) to (7)^ 

[0032] As described above, the rear projector according to the present invention is a 
high-quality display, since it includes a superior transmissive screen that exhibits uniform 
diffusion, that suppresses moire fringing over the entire screen, and that can be manufactured 
at a low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] Fig. 1 is a sectional view of a transmissive screen according to a first 
embodiment of the present invention^ * 9 

[0034] Figs. 2(a) and 2(b) illustrate the effectiveness of the transmissive screen 
according to the first embodiment of the present invention^ ^ 

[0035] Fig. 3 is a sectional view of a transmissive screen according to a second 
embodiment of the present invention^- . 

[0036] Fig. 4 is a sectional view of a transmissive screen according to a third 
embodiment of the present invention^ > 

[0037] Figs. 5(a) and 5(b) are plan views of the transmissive screen according to the 
third embodiment of the present invention^ • 

[0038] Fig. 6 is a sectional view of a transmissive screen according to a fourth 
embodiment of the present invention/^- * 

[0039] Fig. 7 shows an optical system of a conventional rear projector^---- j <d 




[0040] Figs. 8(a) and 8(b) are sectional views of the conventional transmissive 

screen. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0041] Embodiments according to the present invention will now be described with 
reference to the drawings. * ■ 

[0042] Fig. 1 is a sectional top view of a transmissive/screen according to a first 
embodiment. As shown in Fig. 1, the transmissive screen lOOunclude^a Fresnel lens portion 
110 having Fresnel-lens components on its light-exiting face, and a lens array portion 120 
facing the light-exiting face of the Fresnel lens portion 110 and having many lenticular lenses 
on its light-incident face. The transmissive screen lOOmirther includes a flat transparent plate 
130 between the Fresnel lens portion 110 and the lens array portion 120. 

[0043] The flat transparent plate 130 is disposed at least in the periphery of the 
transmissive screen 100, where significant moire fringing occurs, to separate the Fresnel lens 
portion 110 from the lens array portion 120 and prevent the Fresnel lens portion 110 from 
coming into excessively close contact with the lens array portion 120, thus effectively 
suppressing the generation of moire fringes in the periphery of the transmissive screen 100. 

[0044] Figs. 2(a) and 2(b) show how effectively the transmissive screen 100 
according to the first embodiment works. Fig. 2(a) shows the transmissive screen 100 
according to the first embodiment. Fig. 2(b) shows a transmissive screen 100a without the 
flat transparent plate. As shown in Figs. 2(a) and 2(b), the transmissive screen 100 according 
to the first embodiment does not suffer from moire fringing, unlike the transmissive screen 
100a without the flat transparent plate, which shows moire fringing. 

[0045] Another advantage is that the transmissive screen 100 according to the first 
embodiment does not need to have random pitches of the optical elements included in the 
Fresnel lens portion 110 and the lens array portion 120, thus providing uniform diffusion over 
the entire display area of the transmissive screen 1 00. A further advantage of the transmissive 
screen 100 is that it does not increase the manufacturing cost, since the optical elements do 
not need to have random pitches in the Fresnel lens portion 110 and the lens array portion 
120. 

[0046] The flat transparent plate 130 used is a polymethyl methacrylate film with a 
thickness of 300 jam. It has antireflection coatings on both surfaces thereof. 
/\ ^(Secorfcflh^ 




[0047] Fig. 3 is a sectional top view of a transmissiveyscreen according to a second 
embodiment. As shown in Fig. 3, the transmissive screen 200nnclude^a Fresnel lens portion 
210 having Fresnel-lens components on its light-exiting face and a lens array portion 220 
facing the light-exiting face of the Fresnel lens portion 210 and having many lenticular lenses 
on its light-incident face. The transmissive screen 200 further includes a spacer 230 in the 
periphery of the transmissive screen 200 to separate the Fresnel lens portion 210 from the lens 
array portion 220. 

[0048] ^Thus, moire fringing in the periphery of the transmissive screen 200 can 
effectively be suppressed merely by placing the spacer 230 in the periphery of the 
transmissive screen 200 to separate the Fresnel lens portion210 from the lens array portion 
220. 

[0049] In the second^mbcrdiinent, the spacer 230 is formed of polycarbonate with a 
thickness of 300 upafihe spacer 230 has antireflection coatings on both surfaces thereof. 

[0050] \The spacer 230 may be disposed around the entire periphery of the 
transmissive screen 200 so as to surround the screen, or may be disposed only at the right and 
left edges of the screen 200 where moire fringing is likely to occur (that is, spacers 230 are 
not arranged at the top and bottom of the transmissive screen 200). 

[0051] The spacers 230 may be disposed outside the display area of the transmissive 
screen 200. Then, the spacers 230 neither need to be transparent nor require antireflection 
coating. The spacers 230 have a thickness of 2 mm to ensure that the Fresnel lens portion 210 
is separated from the lens array portion 220 in the area where moire fringing easily occurs. 

[0052] The Fresnel lens portion 210 is preferably cambered to form a convex 
surface on the light-exiting face. Immediately after the Fresnel lens portion 210 is molded, it 
is left on a camber template to form a convex surface thereon. By providing such a convex 
surface, the Fresnel lens portion 210 and the lens array portion 220 are not in contact with 
each other in the periphery of the screen to suppress moire fringing, whereas the Fresnel lens 
portion 210 and the lens array portion 220 are in contact with each other in the inner area than 
the periphery of the screen to enhance the resolution of images. It should be understood that 
the lens array portion 220 may be cambered alone or both the Fresnel lens portion 210 and the 
lens array portion 220 may be cambered. 




[0053] Fig. 4 is a sectional top view of a transmissive screen according to a third 
embodiment. Figs. 5(a) and 5(b) are plan views of the transmissive screen according to the 
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third embodiment. As shown in Figs. 4, 5(a), and 5(b), the transmissive screen 30(j|'include^a 
Fresnel lens portion 310 having Fresnel-lens components on its light-exiting face and a lens 
array portion 320 facing the light-exiting face of the Fresnel lens portion 310 and having 
many lenticular lenses on its light-incident face. The transmissive screen 300 further includes 
a holder 330, functioning as separating means , in the periphery of the transmissive screen 300 




to separate the Fresnel lens portion 310 from the lens array portion 320. 

[0054] <*Thus^ moire fringing in the periphery of the transmissive screen 300 can 
effectively be suppressed merely by supporting the Fresnel lens portion 310 and the lens array 
portion 320 with the holder 330. 

[0055] The holder 330 may be disposed around the entire periphery of the 
transmissive screen 300 so as to surround the screen or holders 330 may be disposed only at 
the right and left edges of the screen 300 where moire fringing is likely to occur (that is, 
holders 330 are not arranged at the top and bottom of the transmissive screen 300). Then, the 
holders 330 maybe attached over the entire length of the right and left edges, as shown in 
Fig. 5(a), or holders 332 may be attached near the middle of the right and left edges, where 
moire fringing is likely to occur, as shown in Fig. 5(b). The distance from the Fresnel lens 
portion 310 to the lens array portion 320 in the periphery of the transmissive screen 300 is set 
to 300 \xm. 

[0056] In the third embodiment, at least one of the Fresnel lens portion 310 and the 
lens array portion 320 is preferably cambered, as in the second embodiment, to prevent moire 
fringing and enhance the resolution. As alternative cambering m^aas, the holders 330 may be 
tapered so that at least one of the Fresnel lens portion 310 and/the lens array portion 320 is 

cambered. t-— JL 
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[0057] Fig. 6 is a sectional top view of a transmissive scjpeiTaccording to a fourth 

embodiment. As shown in Fig. 6, the transmissive screen 400*mcludefe4 Fresnel lens portion 

410 having Fresnel-lens components on its light-exiting face and a ldns array portion 420 

facing the light-exiting face of the Fresnel lens portion 410 and having many lenticular lenses 

on its light-incident face. The transmissive screen 400 further includes a structure 430, as 

^^cLg\>5 co- 
separate means, th^rip^ Fresnel lens surface is set back toward the light-incident face in the 

periphery of the transmissive screen 400. 

[0058] Therefore, in the transmissive screen 400 according to the fourth 
embodiment, moire fringing in the periphery of the transmissive screen 400 can effectively be 



suppressed merely by setting back the Fresnel lens surface toward the light-incident face in a 
predetermined portion of the periphery of the transmissive screen 400. 

[0059] The retreat distance d of the set back in the Fresnel lens surface is 300 jam. 
In order to retreat the Fresnel lens surface, a metallic mold for molding the Fresnel lens 
portion is formed so as to provide such specified shape of retreat in advance. 

[0060] The region to be set back in the Fresnel lens surface may be provided around 
the entire periphery of the transmissive screen 400 so as to surround the screen 400, or may 
be provided only at the right and left edges of the screen 400 where moire fringing is likely to 
occur (that is, set back in the Fresnel lens surface is not arranged at the top and bottom of the 
transmissive screen 400). 




[0061] A transmissive screen according to a fifth embodiment of the present 
invention is a modification of the transmissive screens of the first to fourth embodiments. In 
this modification, the respective lens array portions 120, 220, 320, and 420 in the first to 
fourth embodiments are provided with many microlenses instead of many lenticular lenses, 
thus improving the viewing-angle characteristics in the vertical direction. A transmissive 
screen with microlenses in the lens array portion has the Fresnel lens portion separated from 
the lens array portion at least in the periphery of the transmissive screen. This structure 
achieves uniform diffusion and moire-free images over the entire screen, and allows low-cost 
manufacturing of the transmissive screen. 

[0062] The present invention is typically described with reference to the 
transmissive screens 100, 200, 300, an^tQO of the first to fifth embodiments. However,|the 
present invention is not limited to themJ£ apd various modifications are conceivable within the 
scope of the present invention? for example, the lens array portion 120 may have additional 
black stripes, a light-diffusing plate, or other microlenses on its light-exiting face. 

f/ly^^^r- ,U 

[0063] A sixth embodiment of the invention is the rear projector 1 O^shown in Fiar 7 J 
bulinclude^one of the transmissive screens 100, 200, 300, and 400 according to the first to 
fifth embodiments, instead of the transmissive screen 40. In other words, the rear projector 
10 according to the sixth embodiment includes a housing 50 that includes therein an optical 
projecting unit 20, a light-guide mirror 30, and one of the transmissive screens 100, 200, 300, 
and 400 according to the first to fifth embodiments. 
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[0064] As described above, the rear projector 10 according to the sixth embodiment 
includes one of the transmissive screens 100, 200, 300, and 400 according to the first to fifth 
embodiments which exhibit uniform diffusion and moire-free images over the entire screen 
and can be manufactured at a low cost. These features allow the production of a superior, 
low-cost rear projector with high image quality. / / 




